Background:
INTRODUCTION
Identifying bird songs is an integral part of censusing, watching, and enjoying birds. However, doing so can be difficult due to the large variety of songs and, often, subtle differences among them. One way to facilitate this is to place songs into a descriptive key, thereby analyzing each song as well as identifying similarities and differences among songs. Here I present a key to bird songs in a species-rich location in Soberanía National Park, Panama, to help researchers and birders in Panama identify and learn these songs, and, more importantly, to provide a model for a descriptive key to aid in the analysis and characterization of bird songs in other areas and regions. This work describes and uses many aspects of bird songs that, if employed, can improve your abilities to listen to, remember, and differentiate among songs. If you are learning the bird songs in your area, I encourage you to make a key for all of them, or at least for the ones you find to be troublesome. Doing so will identify the similarities and differences among the songs. I suggest you follow a consistent pattern of choices that works for you and the bird songs in your area. My key shows one way to approach doing this. This key is the first example of a descriptive key to bird songs in Central or South America, and is unique in at least the western hemisphere in each of three ways: its large scope, ordering of choices, and use of links to xeno-canto.
METHODS

STUDY AREA
Pipeline Road (approximately 9°8'00"N, 79°43'12"W) is a 17.5-km, single-lane, dirt road through the center of 22,100-hectare Soberanía National Park. The road is accessed from the south from the town of Gamboa, which is about 25 km northwest of Panama City, Panama. The study area includes intact rainforest along the southernmost 10 km of Pipeline Road and fragmented forests and wetlands adjacent to the southern entrance to Pipeline Road. This speciesrich area contains approximately 40% of the bird species found in Panama [1, 2] . The eBird hotspot "Pipeline Road (Camino del Oleoducto)" reports a total of 450 species, more than anywhere else in Panama [3] .
DEVELOPMENT OF THE KEY
In May 2013, I decided to make a key to the bird songs of the Pipeline Road area. My goals were to make a key that (1) grouped similarly sounding songs as much as possible, (2) included all of the regularly heard songs of the area, (3) differentiated among all of the presented songs, (4) used a system that others could adapt for their areas, and (5) was based on recordings in www.xeno-canto.org. To that end, I looked for other bird song keys in the western hemisphere to use as templates. I found no key for anywhere in Central America or South America, but I found two keys for North America. The first key appears to include one song from all bird species in North America north of Mexico, although no species total is presented [4] . This key did not meet my goals in two ways. Its first choice is whether the song in question has one, two, or three or more notes; choosing three or more notes, for my study area, initially would group disparate songs like the repetitive, sharp chips of Long-billed Hermit (www.xeno-canto.org/107762 by Klemens Steiof) with the complex, melodious, many-sectioned repertoires of Bay Wren (www.xeno-canto.org/92124 by William Adsett) (scientific names are provided in the Appendix), so it did not fulfill my first goal. Also, when using that key, you are left, after all choices have been made, with as many as 25 species' songs with no explanation as to how to identify them; therefore, it did not meet my third goal. The second analysis of bird songs in North America differentiates among the songs of all 56 species of warblers using complex, descriptive charts including spectrograms [5] . I believe that making such charts would be beyond the abilities of most users, so that approach did not comply with my fourth goal.
Without any established method for a bird song key to use, I adopted the traditional dichotomous key method but, like the charts in the key to warblers [5] , I allowed more than two choices to be made at any one time. After many versions and reorganizations, I developed a consistent order of choices that groups similar songs, eliminates duplication, and optimizes the probability that you will correctly identify the songs. After you decide whether the song in question: (1) trills or churrs, or (2) includes trills or churrs, choices flow from most to least complex, including whether the song (3) slurs (upslurs and downslurs, upslurs only, downslurs only, does not slur), (4) has changes in tempo (accelerates and decelerates, accelerates only, decelerates only, is steady), (5) has changes in pitch (rises and falls, rises only, falls only, is steady) (see Definitions of Terms below), and (6) has other attributes, depending on the remaining songs to be compared. Often, choices terminate with two or more songs when there is no objective way to describe how they differ (without using absolute pitch; see below); when that happens, I provide relative comparisons via text or tables to enable you to make decisions (except for a few seemingly identical, high-or very high-pitched, single-element calls in Part II). These groups of similar songs are arranged taxonomically [5] . In addition to these relative comparisons, I often parenthetically include comparisons between similarly sounding songs found in different parts of the key.
To simplify use of the key based on time of day and location, I parsed the key to address four areas. Part I concerns the diurnal birds along the southernmost 10 km or so of Pipeline Road. In Part II are the diurnal birds found in the fragmented forests, forest edges, and grassy areas adjacent to the entrance to Pipeline Road without redundantly including the species covered in Part I. Part III includes the diurnal birds associated with the wetlands and ponds adjacent to the entrance to Pipeline Road (locally called Ammo Dump Ponds) and other nearby wetlands (e.g., the lake at Panama Rainforest Discovery Center), without redundancy with Parts I or II. For species found in more than one area, I placed them in their most-frequented areas. When species were found in two areas approximately equally, I placed them in the area in which most of the species in their taxonomic Order frequents in order to aid in comparisons; consequently, all doves/pigeons, parrots/parakeets, and toucans/aracaris are in Part I and all kingfishers are in Part III. Locations of songs heard in more than one area are identified in the Appendix. If you are unsuccessful in identifying a song, you might check the Appendix for another area where the song is heard and try keying it out there. Part IV covers the nocturnal birds of all three areas.
A vital part of this key is being able to hear the bird songs. This is made possible through use of a freely available, geographically based database of bird songs worldwide: www.xeno-canto.org. Definitions of terms and final choices in the key are linked to representative recordings and spectrograms from this website (spectrograms are called "sonograms" therein). Use of recordings from xeno-canto is subject to three Creative Commons licenses. Here I used the most-restrictive level (Attribution-NonCommercial-NoDerivs) in which users are free to download and distribute recordings as long as they attribute the recordist, but they are not free to use them commercially or alter them in any way; the two less-restrictive levels allow commercial use and alterations of the recordings.
SONGS AND SPECIES COVERED
This key covers 321 songs and calls of 216 species in the Pipeline Road area. One could survey this area for months without hearing any other bird songs or calls. Many species have two or more vocalizations (see Appendix). Five common, vocal migrants are included (Eastern Wood-Pewee, Great Crested Flycatcher, Northern Waterthrush, Swainson's Thrush, Yellow-throated Vireo). The key also notes wing snaps of two species of manakins and distinctive drumming patterns of woodpeckers. In addition, the key parenthetically includes the birdlike song of the mostfrequently heard frog along Pipeline Road: the Striped Rocket Frog (Allobates talamancae).
When choosing which recordings from www.xeno-canto.org to include in the key, I gave first priority to those taken in the study area. If none were available, I moved progressively farther away until I found songs that sounded, as far as I could tell, exactly like those in the study area. Thirty-nine percent of the 354 recordings included here were from Pipeline Road or within 8 km of Pipeline Road, 36.3% were from other parts of Panama), 7.3% were from other countries of Central America (6.2% from neighboring Costa Rica), 15.8% were from South America (9.3% from neighboring Colombia), and less than 1% each were from Mexico (0.8%) and the United States (0.6%). Five described songs did not have a representative recording.
Taxonomic changes resulting in new species recognized after the printing of Angehr and Dean (2010 [1] ) included are: Crowned Woodnymph (from Violet-crowned Woodnymph), Gartered Trogon (split from Violaceous Trogon), Whooping Motmot (from Blue-crowned Motmot), Black-mandibled Toucan (from Chestnut-mandibled Toucan), Black-crowned Antshrike (from Western-Slaty Antshrike), Russet-winged Schiffornis (from Thrush-like Schiffornis), and Scaly-breasted Wren (from Southern Nightingale-Wren). In addition, Mistletoe Tyrannulet soon may be split from Paltry Tyrannulet (and is so called in www.xeno-canto.org), so that possibility is noted parenthetically.
HOW TO USE
I suggest the following methods to use and learn from this key. First, read and understand the Definitions of Terms, and listen to each of the examples provided. Then, examine the choices presented in the Table of Contents, which shows the order in which choices are made. Finally, go through the key and listen to many or all of the songs and calls. More than one song can be played at the same time, thereby allowing simultaneous comparisons between or among songs. Look carefully at the spectrograms provided with each song to see how, for example, elements downslur or upslur (see Definitions of Terms). In spectrograms, frequency (in kHz) is presented on the Y axis, time (in sec) on the X axis, and relative volume by the lightness/darkness of the image and by the lower graph; see Stephenson & Whittle (2015 [5] ), McCallum (2010a, b [6, 7] ), and Pieplow (undated [8] ) to fully understand spectrograms.
When one tries to describe a bird song, many adjectives may come to mind in no particular order. However, within this key, one must follow its ordering of choices. Applying this approach as a model for learning the bird songs in different areas or regions could aid in identifying the similarities and differences among songs; however, a different ordering of choices may be more appropriate in other areas. A way to streamline keying-out a song is to make the first few choices via the Table of Contents, jump to the appropriate part of the key, and go from there. You can move within the key by links to the next choice (→) for all choices listed in the 
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DEFINITIONS OF TERMS DESCRIPTIVE UNITS →
I searched the scientific literature for terms used for descriptive units of bird songs to see whether any would be suitable for my key. During that search, I found that many researchers [e.g., 9-11] use three levels of units within a song. For them, the lowest level is the note, which is represented by a continuous trace on a spectrograph. The next level is the syllable, which is a sequence of one or more notes. Groupings of syllables and notes are called phrases. However, I found their term "note" to be counter-intuitive because it communicates a note on the musical scale, but their notes often include many notes on the musical scale (e.g., slurs; see below). Also, I found their use of "syllable" to be confusing because it is not like a syllable we use when speaking or writing; it can contain several of which otherwise would be considered as syllables. Fortunately, the structural organization of bird songs presented in Stephenson and Whittle (2015 [5] ) avoids these problems and is intuitively easy to use; therefore, I employ it here. Their three terms are element, phrase, and section. "Every separate sound you hear when listening to a song is an element. An element can be a single long note, a short note, or even a long buzz. Elements are the building blocks of songs. If it sounds like one smoothly continuous sound to our ears, it's an element" (Stephenson and Whittle 2015:70 [5] ). A phrase is "a single element or a group of two, three, or more…elements that are repeated 2 or more times without change" (Stephenson and Whittle 2015:71 [5] ). Sections are groups of similar phrases. In addition, sections are grouped together into songs, which are "identified by the pauses between them, which are of the order of several seconds" (Thompson et al. 1994:273 [10] ).
Vocalizations of birds often are placed into arbitrary categories such as song, call, and scold, which can be based on how pleasing they are to the human ear. We usually think of the prettiest vocalizations as songs, less pretty ones as calls, and burry ones as scolds or alarm calls. In addition, we generally think of a bird singing as part of a territorial display by males, calling as part of more mundane activities (e.g., contact calls), scolding when disturbed, and alarmcalling when drawing attention to the presence of a predator such as a raptor or a snake. (See Baker 2001 [11] and Slater 2003 [12] for reviews of studies that examine the development and functions of songs, and Suzuki 2016 [13] for a review of studies concerning functions of alarm calls.) Many authors "point out the arbitrary distinction between calls and songs but acknowledge that the terms are probably not going to go away" Baker (2001:8 [11] ). Such labels, while often accurately describing the bird's actions, can presume we understand the bird's motives which, in many cases, we cannot. For example, Yellow-backed Orioles vocalize a series of melodious weo-wee whistles as well as harsh chink, chink, chink sounds. One might call the former a song and the latter a call; however, sometimes these birds mix both types in an uninterrupted series (e.g., wee-weo-wee, chink-chink-chink, weo-wee-wee, chink-chink). So in most cases (as in the title), I simply refer to them all as songs; in some cases, I label vocalizations as songs, calls, or scolds to communicate general musicality without ascribing motive or function.
PITCH →
Pitch categories →
To minimize confusion, I use only three pitch categories, and I do so only a few times. Several species here utter notes of (1) low or very low pitch (e.g., Short-billed Pigeon www.xeno-canto.org/112914 by Sander Bot, Rufousvented Ground-Cuckoo www.xeno-canto.org/83102 by Brian Cox, Spectacled Owl www.xeno-canto.org/92131 by William Adsett); I do not attempt to distinguish between pitches that are low or very low. Most birds sing notes of (2) medium or high pitch; again, I do not differentiate between these two. A few species sing notes of (3) very high pitch (e.g., Pied Puffbird www.xeno-canto.org/113047 by Sander Bot, Olive-striped Flycatcher www.xeno-canto.org/2970 by David Bradley); to help you calibrate this pitch, a very small percentage of people can whistle very high. I use relative pitch (e.g., one trill is higher than another) throughout this key rather than absolute pitch (e.g., elements that are middle C vs. middle G on a piano) because it is difficult or impossible for humans, even those with "perfect pitch," to find absolute pitch of many bird songs; this is because many birds vocalize at pitches well above the range of the human ear and "many bird sounds are harmonically complex, comprising not a single tone but an admixture of several" (Pieplow 2007:50 [14] ). Harmonics are pitches in addition to the fundamental pitch that are multiples of the fundamental; such harmonics create rich-sounding songs to us [5, 6, 14] (e.g., songs in Figs. 1-4) , whereas we hear songs with simultaneous, non-harmonic pitches as harsh or discordant [5] (e.g., churrs of Bicolored Antbird www.xenocanto.org/133165 by Jerome Fischer and Black-bellied Wren www.xeno-canto.org/24181 by Ken Allaire). 15k   10k   5k   1s  2s  3s  4s  5s  6s  7s  8s  9s  10s  0d8   30d8   60d8   15k   10k   5k   1s  2s  3s  4s  5s  6s  7s  8s  9s  10s  0d8 
Pitch changes with two or more elements →
Many songs include changes in pitch. Pitch rises when at least two successive elements, phrases, or sections ascend in pitch (e.g., Tropical Kingbird www.xeno-canto.org/1123 by Robin Carter), pitch falls when they descend in pitch (e.g., Brown-capped Tyrannulet www.xeno-canto.org/18618 by Ken Allaire) ( Fig. 1) , and pitch is steady when they do not change. Complex songs of variable pitch (e.g., Gray-headed Chachalaca www.xeno-canto.org/17192 by Allen T. Chartier, Yellow-rumped Cacique www.xeno-canto.org/32050 by Andrew Spencer) are considered to be of steady pitch. To conserve space and not inflate the total number of songs presented, when a species has songs of more than one pitch-change type, the songs key-out in the more or most complex type. For example, songs of Goldencrowned Spadebill and Long-billed Gnatwren can rise then fall, fall then rise, rise, fall, or be steady, so these songs keyout as "Pitch rises and falls." In such cases, song descriptions list all pertinent pitch-change types. This space-saving feature can be a source of error when trying to identify songs, so if you are unsuccessful at keying-out a song, you might try a more complex pitch change.
Pitch changes within an element
Elements upslur when they rise in pitch (e.g., Squirrel Cuckoo www.xeno-canto.org/60783 by Ken Allaire; Paltry (or Mistletoe) Tyrannulet www.xeno-canto.org/46978 by Mike Nelson) and downslur when they fall in pitch (e.g., White-winged Becard www.xeno-canto.org/107784 by Klemens Steiof) [5, 8, 14, 15] (Fig. 2) . Some elements "up/down slur" [5] or "overslur" [8] when they upslur and then immediately downslur (e.g., Bright-rumped Attila www.xeno-canto.org/31820 by Andrew Spencer, Red-capped Manakin www.xeno-canto.org/10085 by Ken Allaire, Slate-colored Grosbeak www.xeno-canto.org/271577 by Peter Boesman) (Figs. 1, 3) . Similarly, some elements "down/upslur" [5] or "underslur" [8] when they downslur and then immediately upslur (e.g., Eastern Wood-Pewee www.xeno-canto.org/94732 by William Adsett; Russet-winged Schiffornis www.xeno-canto.org/60785 by Ken Allaire) (Fig. 4) . I often find it to be difficult or impossible to differentiate between elements that up/downslur vs. those that down/upslur, especially when the elements almost run together. So, to lessen user error, I do not use these complicated terms for choices in the key; I simply place such songs under "Elements upslur and downslur." I do, however, use those terms in song descriptions. Such elements or phrases also could be classified as warbling, which are "vocalizations that change pitch rapidly in no simple pattern" (Pieplow 2007 :51 [14] ). Most songs in this key include elements that upslur and downslur. "Birding by ear, visually" [6, 7] first requires dedicating the time to listen to songs while examining their spectrograms. The biggest "ear-opening" experience for me while preparing this key was how many songs upslur and downslur when I thought they were not slurring (e.g., Great Kiskadee www.xeno-canto.org/32045 by Andrew Spencer, Brownish Twistwing www.xeno-canto.org/2960 by David Bradley), were only upslurring (e.g., Black-tailed Trogon www.xeno-canto.org/2947 by David Bradley, Scrub Greenlet www.xeno-canto.org/60714 by Ken Allaire), or were only downslurring (e.g., Collared Forest-Falcon www.xeno-canto.org/15730 by Ken Allaire, Rufous Mourner www.xenocanto.org/113553 by Jerome Fischer). It takes careful listening and practice to differentiate between, for example, elements that upslur (e.g., Lineated Woodpecker www.xeno-canto.org/54677 by Bernabe Lopez-Lanus) and those that quickly upslur and downslur (Gray-headed Kite www.xeno-canto.org/31899 by Andrew Spencer). To learn how simple non-slurring songs sound, you might listen to each of the songs in the "Elements do not slur" sections in the four parts of the key. canto.org/24194 by Ken Allaire) and Russet-winged Schiffornis (www.xeno-canto.org/60785 by Ken Allaire). A trill is a "rapid repetition of elements at a speed too fast for us to count" (Stephenson & Whittle 2015:64 [5] ). In this key, trills are clear notes sung at a tempo of at least 6 per sec, like the song of Long-billed Gnatwren (www.xenocanto.org/133152 by Jerome Fischer). ( Stephenson & Whittle 2015 [5] consider notes as fast as 9 per sec to be countable, but I think that is too fast for most people.) Trills can change in tempo or pitch. Elements within trills can slur, but because it would be very difficult or impossible to discern whether such quickly voiced elements slur, trilling songs key-out first. Here, "Song trills" means the whole song is a trill, whereas "Song includes trills" means the song includes at least one phrase that trill and at least one phrase that does not. Here I call a run a series of the same clear notes or very similar clear notes sung quickly but at countable tempo-at about 4 notes per sec. Nasal sounds by humans are made by lowering the soft palate so that air resonates in the nasal cavities and passes out the nose, like when we say the letter "n". Birds create vocalizations that sound similarly nasal to us. However, nasal sounds by birds are "combinations of multiple simultaneous whistles on different pitches" (Pieplow undated [8] ) (Figs.  1, 3 ) which our brains often interpret as whistles, especially if they are high-pitched [14] . Consequently, in this key, some clear and some nasal elements are referred to as whistles. Many songs in this key are obviously nasal, three of which are Black-throated Trogon (www.xeno-canto.org/1085 by Robin Carter), Plain-brown Woodcreeper (www.xenocanto.org/1113 by Robin Carter), and Spotted Antbird (www.xeno-canto.org/108217 by Jerome Fischer). Here I refer to clear songs and nasal songs only when they obviously fit into one category or the other because there is a large "gray area" between these two categories. Songs churr when a bird sings a series of harsh, non-musical, usually nasal notes at a tempo of at least 6 per sec which, as described above, is about the fastest most people can count. Churrs often are described as being buzzy, burry, grating, croaking, or growling, and can sound like rent, dzerrr, or aaarrr, but also can be less grating (e.g., wups of Slaty-tailed Trogon www.xeno-canto.org/31915 by Andrew Spencer) if they are sung at a tempo of at least 6 per sec. Churrs can change in tempo or pitch. Examples include scolds of Black-crowned Antshrike (www.xeno-canto.org/107779 by Klemens Steiof) and Plain Wren (www.xeno-canto.org/32047 by Andrew Spencer). In the key, "Song churrs" means the whole song is a churr, whereas "Song includes churrs" means the song includes at least one phrase that churrs and at least one phrase that does not. Here I call a run a series of the same nasal notes or very similar nasal notes sung quickly but at countable tempo-at about 4 notes per sec. Some nasal songs are airy, like those of Cinnamon Woodpecker (www.xeno-canto.org/116313 by Diego Calderon F.), Broad-billed Motmot (www.xeno-canto.org/1088 by Robin Carter), and Boat-billed Flycatcher (www.xeno-canto.org/46785 by Mike Nelson). A few nasal songs possess clucks, including those of Gray-necked Wood-Rail (www.xeno-canto.org/106510 by Mike Nelson), Greater Ani (www.xeno-canto.org/9314 by Allen T. Chartier), and Gray-headed Chachalaca (www.xeno-canto.org/17192 by Allen T. Chartier). "Song includes clucks" means the song includes phrases that are clucks and other phrases that are not. Some nasal songs sound spoken, as if a person were talking; an example is a call of Black-crowned Antshrike (www.xeno-canto.org/90394 by Leslie Lieurance). Finally, a few species have songs that screech: Yellow-headed Caracara (www.xeno-canto.org/199019 by Guillermo Funes), Semiplumbeous Hawk (www.xeno-canto.org/274200 by Peter Boesman), Orange-chinned Parakeet (www.xeno-canto.org/1104 by Robin Carter), and all three parrots (e.g., Red-lored Amazon www.xeno-canto.org/127524 by Thore Noernberg).
TEMPO →
Many songs of at least three elements or phrases have notes that change in tempo, or in number of beats per unit of time; tempo is also called "rhythm" [5] or "rate" [14] . Tempo accelerates when elements increase in tempo (Figs. 1, 3) , decelerates when elements decrease in tempo (Fig. 1) ( (Fig. 2) ; here such songs are considered to have steady tempo.
VARIATION →
I developed a system of four song-variation categories so you will know how much variation to expect when learning the songs. Invariable songs are sung every time without any change in arrangement. They may have changes in pitch or tempo, but all of the elements, phrases, and/or sections are sung, and all are sung in the same order (e.g., Bluecrowned Manakin www.xeno-canto.org/112920 by Sander Bot, Crimson-crested-crowned Woodpecker www.xenocanto.org/31897 by Andrew Spencer). More than three-quarters of the songs in the key are invariable. Variable songs are those that sometimes delete or rearrange sections of the typical song, but do not rearrange elements or phrases within the sections that are sung (e.g., Cinnamon Becard www.xeno-canto.org/2944 by David Bradley). Almost one-fifth of the songs in the key are variable. Variable/repertoire songs are sung so quickly, and have so many complexities, that it is difficult or impossible for most people to determine whether they merely delete or rearrange sections or whether they rearrange elements or phrases within sections (e.g., Variable Seedeater www.xeno-canto.org/271589 by Peter Boesman). Here Yellow-bellied Seedeater, Ruddy-breasted Seedeater, Variable Seedeater, Thick-billed Seed-Finch, and Lesser Goldfinch have variable/repertoire songs. Finally, repertoire songs are non-rapid songs that obviously rearrange elements or phrases within sections; these are sung slowly enough that it is easy to discern and describe the rearrangements. Here Clay-colored Thrush, Rosy Thrush-Tanager, Tropical Mockingbird, Yellow-tailed Oriole, and most of the wrens sing repertoires. I include song variation in song descriptions, but do not use song variation in choices in the key because some birds sing only one arrangement at a time and I made this key to identify each song as it is heard.
EMPHASIS
Some elements are sung more strongly or with more emphasis than others. Such elements are termed emphatic [1] (e.g., Rufous Nightjar www.xeno-canto.org/2954 by David Bradley, Bright-rumped Atilla www.xeno-canto.org/31820 by Andrew Spencer, Rufous Piha www.xeno-canto.org/60760 by Ken Allaire).
PART I: KEY TO SONGS OF DIURNAL BIRDS IN THE FORESTS ALONG PIPELINE ROAD →
SONG IS A TRILL OR CHURR → TEMPO ACCELERATES AND DECELERATES →
Plain-brown Woodcreeper. A rapid, long series of nasal, "loud churring" [1:196] (2), differ from the chip-chip or chip...chip-chip notes of Spotted Antbird in that they are sweeter (not as sharp) and do not have a pause between the first and second notes.) The final chit ranges from a sweet little note audible to only a few m to a loud, raspy, short churr audible to more than 50 m (the churr keys-out separately in this key). Variable. They also "make loud explosive wing-snaps" [1:270] . The wing snaps differ from those of Golden-collared Manakins in that they are about one-half as loud, and they can be done either singly or in about 3-10 rapid bursts at about 3 bursts per sec. The only song in this section of the key with a long downslurring element. (1) 
